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APPROACHES TO SELECTION AND FITTING OF AMPLIFICATION
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KATHRYN L. BEAUCHAINE

Boys Town National Research Hospital
Omaha, NE

Implicit in the goal of early identification of hearing loss
is the early initiation of habilitation and amplification. The
focus of this paper is to address three areas related to am-
plification of hearing-impaired infants and toddlers (birth
to 18 months): identification issues as they relate to early
amplification, selection of amplification, and assessment of
titled function.

IDENTIFICATION ISSUES

The Goal of Early Identification of Hearing Loss

The Joint Committee on Infant Hearing (JCIII) supports
the early identification of hearing loss and initiation of
early inters ention services (ASH A, 1991). The current rec-
ommendation is to screen the hearing of at-risk neonates
(birth to 28 days) by :3 months of age and to has e diagnostic
ABR testing completed no more than 6 months later. In-
fants (29 days to 2 years) who are found to have a risk factor
should be tested as soon as possible after the identification
of the risk factor. or at least within :3 months after the factor
has been id, ratified.

The justification for early identification of hearing loss is
two-fold. First, the notion of critical periods for language
acquisition is well accepted. Second, animal studies sup-
port the notion that lack of input to the auditory system
may result in physiological and/or pathological changes in
the auditory nersous system (for a review, see Ross & See-
wald. 1988).

The statistics on early identification of hearing loss show
variable results, and, in general. suggest that we have not
fulfilled our goal. Reports user the past 5 years suggest that
the average age of identification varies from 7.6 months to
19.0 months of age (Elssmarm, Matkin. & Sabo. 1987:
Mace. Wallace, What', & Stelmahowiez. in press: Ma-
honey & Eihwald, 1986: Stein, jahaley, Spitz, Stoakley, &
McGee, 1990). Mace et al. (in press) reported a 'aide age
range for identification of hearing loss depending, On the
degree of loss. In general, children with moderate losses or

greater were identified before 2 years of age. Thus, most of
the infants and toddlers currently fit with amplification will
have at least a moderate hearing loss.

The definition of educationally significant hearing loss
has expanded in the past 10 years to include those with
mild and unilateral hearing loss (Bess, 1985: Bess &
Tharpe, 1986; Blair. Peterson, & Viehweg, 1985: Oyler,
Oyler, & Matkin. 1987). Recent data suggest that these
children typically are not identified until they are older
than 1 years of age (Mace et al., in press), well beyond the
infant and toddler years.

Impact of Technology

Technological advances have affected early fitting of am-
plification on two levels: testing options and amplification
devices. The effect on testing options will be discussed
first.

Current technology has affected both our ability to iden-
tify hearing loss and to measure aided status. For example.
the use of auditory brainstem response (ABR) testing in the
intensive care nursery has enhanced our ability to provide
early diagnosis of hearing loss. Also, there is some promise
in the use of evoked otoaconstic emissions (OAE) for use in
the identification of hearing loss (Bray & Kemp, 1987).
Aided testing with probe-tube microphone systems has fur-
thered our ability to provide reliable measures of insertion
and in situ gain and real-ear estimates of SSPL90.

Inroads also have been made in amplification systems.
One of the most visible effects has been a redu'ion in the
size of ear-level instruments, which are the devices most
commonly fit on young children (Martin & Gravel, 1989).
In small children, this can enhance retention of the device.
In some cases, it also may enhance the parent's acceptance
of the device. Improvements have been made in the in-
creased flexibility of amplification des ices, including hear-
ing aids and auditory trainers. This flexibility is further in-
creased with the availability of the special purpose Et ymo-
tic (e.g., low-pass, notch-filtered) and other filtered tone
hooks. There also are other options available to improve
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retention of ear-le\ el de \ ices (e.g., Huggie aids and smaller
tone hooks). With the advent of the tamperproof battery
compartment. safet issues have begun to be addressed.
Computeri/ed preselection systems have had an CIFCCt ou
adtlit hearing aid fittings, and by the end of 1991, a comput-
erized preselection system for young children may be com-
mercially available (Seewal(I, personal communication). Ad-
\ anted circuitry (e.g.. ;mtomatic signal processing, other
noise-reduction circuits and the Etymotic K-amp) has been
employed in some des ices with adult patients. but their
efficac\ for use with infants and toddlers has not been es-
tablished.

SELECTION AND FITTING OF
AMPLIFICATION SYSTEMS

Key Considerations in Pediatric Amplification

When selecting amplification for infants and toddlers,
there are both acoustical and practical issues to consider.
Because modifications may need to be done as more infor-
mation about the residual hearing becomes available or if
the child experiences fluctuating hearing loss, it is impor-
tant to choose a device that has flexible electroaoustic
characteristics. The device should also be compatible with
a \ arietv of tone hooks to further enhance its flexibility.

The additi \ e advantages of directional microphones and
binaural fitting has e been demonstrated (Hawkins & Ya-
ullo, 1984) and should be considered essential for pediat-
ric fittings. The availability of direct audio input is impor-
tant gi Nen the likelihood that the child will use an auditory
training des ice in the habilitation program. For this same
reason, the telecoil strength should be a cons;-L ,tfon in
the event that the child will use all auditory trait Oh a
neck loop.

On a practical level, tamper-resistant battery compart-
ments can improve the safety of the fitting in this age
group. Regardless of whether this safety device is used, the
parents should be provided with hearing aid battery pre-
cautions and the National Battery Ingestion Hotline num-
ber. Volume control covers can be used to ensure that the
recommended setting is maintained. Loss and damage
warranties should be considered, and the parents should be
encouraged to insure the devices after the manufacturer's
warranty expires.

Formula Approaches for Fitting Gain and Output

For young children, the use of formula or prescriptive
approaches for fitting gain and output is essential. In most
cases, the goal is to ensure that speech is audible within the
patient's dynamic range (Skinner, 1988; Skinner, Pascoe,
Miller, & Popelka, 1982). A critical consideration in using
any formula approach is to keep the fitting goal in mind.
The long-term speech spectram used to define average con-
versational speech affects the extent to which a fitting is
viewed as successful. Variations ill the speech spectrum are
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accounted for by gender. age. distance, how the measure-
ment is made. and what stimulus is used to generate the
speech signal (Cox & Moore, 1989; Olsen. Hawkins, & Van
Tasell, 1987). Cornelisse, Gagne, & Seewald (1991) evalu-
ated the speech spectrum of various talkers at a reference
position (30 cm and 0° from the mouth) and at the tragus of
the talker. They observed that at the tragus, more low fre-
quencies and fewer high frequencies were measured than
at the reference position. They suggested that we must re-
member that the speech spectrum delivered to the ear is
different if the patient is a listener versus a talker and that
we need to think of the patient as a communicator as MAI as
a listener. The talker's ability to monitor his or her own
speech also must be considered as critical.

Various speech spectra have been characterized on dB
SPL and dB IIL audiograms (Olsen et al., 1987; Skinner.
1988). Recently, Mueller & Killion (1990) proposed using
a simplified method to calculate an Articulation Index (AI),
shown in Figure I, that can be used for decision-making
and for patient counseling. The Al has been used to predict
the intelligibility of speech (e.g., Dirks, Bell, Rossman, &
Kincaid, 1986: Pavlovic, 1988, 1989).

Humes & Hackett (1990) and Sullivan, Levitt, Hwang,
and Hennessey (1988) have shown that comparisons be-
tween adult prescriptive approaches suggest no major dif-
ferences in aided speech scores. Thus, to date. no adult
formula approach clearly has been shown to be superior.

There is some question that these adult formulas cannot
simply be applied to infants and toddlers because of the
many differences between these two groups. Perhaps the
primary difference is that infants and toddlers are learning
speech and language and may require a better signal-to-
noise ratio or greater input than an adventitiously hearing-
impaired adult. Further, the substantially smaller ear-canal
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size has several ramifications. First, it may affect the SPL
delivered! to the ear (Feigin, Kopun, Stelmachowicz. &
Corga. 1989). Secondly, it has been shown that the reso-
nance of the ear canal in children below 2 viars
of age is higher than in an adult (Kruge, 1987). Further.
the size of the infant/toddler ear also can affect the earmold
fitting such that on the smallest ears, even a tube fitting
may actually occlude the entire canal. Thus, most modifica-
tions in this population must be made electroacoustically
rather than with earmold modifications. In this age group,
we often have less threshold information and little, if any,
speech recognition information. It is not possible to mea-
sure most comfortable loudness (MCL) or loudness discom-
fort levels (LDL), thus, fittings must be based on threshold
data alone. Infants and toddlers have limitd abilities for
communicating their reactions to amplification. Conse-
quently, we must be able to troubleshoot systematically
their reactions to amplification. We must step through pos-
sible problems, from fit and comfort of the earmolds to the
fit or function of the hearing aids.

Two threshold-based approaches for fitting amplification
that are specific to children will be discussed next. The first
is the optimal aided audiogram that has been popularized
by Matkin (1987). The target aided thresholds are shown in
Table 1. The rationale for tiles( targets is to pros ide aided
thresholds within the average conversational speech spec-
tum, with 5 dB of reserve gain. It should be noted that
these targets are not intended for profound losses, where
the goal may be altered to the detection of speech.

The second pediatric approach is the desired sensation
level (DSL) approach. proposed by Seewald, Ross and ol-
leagues (Ross & Seewald, 1988: Seewald, 1988: Seewald,
Ross, & Spiro. 1985; Seewald, Ross, & Steltnahowicz,
1987; Stelmachowicz & Seewald, 1991). The goal of this
fitting procedure is to deliver an amplified speech signal to
the child that maximizes residual hearing across frequency
(Ross & Seewald, 1988). The recommendations for the am-
plified desired sensation level of speech are shown ill Fig-
ure 2. Note that the desired sensation level varies as a func-
tion of' degree of hearing loss on a frequency-by-ft d.quency
basis. This approach provides targets to accommodate any
gis en hearing loss.

Both of these pediatric approaches have reommenda-
tions for SSPL9O that vary with the degree of hearing loss
and are based on average expectations. Previous research
has shown that LDLs vary with frequency and cannot he
predicted from threshold (Hawkins. Walden, Montgomery,
& Prosek, 1987; Kawell, Koptnr, & Stelmachowicz. I 9 8 .

Work with children has provided reliable methods to esti-
mate LDI in children as young as 5 years mental age (Mac-
phrson, Elfenbein. Sebum. & Bentler, in press). There are

TABLE: I. ()plintal aided thresholds ('Iatkin. 1987).
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no proven solutions. however, for obtaining LDLs in chil-
dren younger than 5 years of age. If we are unable to make
real-ear measures, we must depend on average values for
real-ea to coupler differences. and to use these values to
estimate and select real-ear SPL (Feigin et al., 1989). Care-
ful (mer% ation of the child's behax ior for loudness intolev-
ance is critical, and thresholds must be monitored for possi-
ble changes.

For infants and toddlers, decisions about electroacoustic
characteristics often must be made with minimal informa-
tion. Limited behavioral test data must be supplemented
with the behavioral observations of parents and teachers
and with evoked potential test findings. ABR testing with
clicks alone is not a solution to the problem of limited
threshold information because the click- evoked ABR esti-
mates only a limited frequency region. For this reason,
click-evoked ABRs should be supplemented with tone-
evoked ABRs (Corga, Kaminski, Beauchaine, & Jesteadt.
1988: Stapells, Picton. Perez-Abalo, Read, & Smith, 1985).
These tone evoked ABR thresholds can be used to estimate
behavioral thresholds.

Facilitating Adjustment to Amplification

One aspect of facilitating adjustment to amplification is
addressed through communication with the parents, care -
givers, uld therapists. They should be trained to trouble-
slviot and care for the devices. To do so effectively, they
should be provided with the necessary information and
tools (e.g., a listening tube or stethoscope. a battery tester,
an earmold blower, extra batteries, and a moisture-reduc-
tion device). Close contact with the parents. caregivers,
and therapists during the initial phases of fitting assists in
monitoring progress, and encouragement can be provided.
With this close communication, fitting expectations can be
compared with the child's performance, questions and is-
sues addressed, and intervention strategies that enhance
auditory skill development can be developed.

Audiologic follow-up s isits are planned at frequent inter-
s ids to monitor thresholds, to ensure adequate adjustment
to amplification, and to change settings on the hearing aid
as new information is acquired. Some investigators base
suggested that infants and toddlers be seen at least every :3
months for audiological assessment (Nlatkin. 1987; Stelina-
howiz, Larson. Johnson, & Moeller, 1985).

Recent Expansions

Two recent expansions in fitting amplification hale been
in the areas of fitting children with unilateral hearing loss
and the home use of auditors trainers. Because the focus of
this discussion is On infants and toddlers, we will not discuss
unilateral hearing losses because, as noted above, these are
not often identified prior to -4 years of age (Mac et al.. in
press).

Infants and toddlers may be candidates for the home use
of auditory trainers. Some centers have used auditory
trainers in this application as the primary and initial des ice
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for children with se. ere to profound losses. Benoit (1989)
reported on a group of 1- to I-year-olds with severe, pro-
found hearing loss w ho were fit with auditory trainers for
home use. Tbz parents in that study reported that use of
the des ice increased the amount that they talked to their
child. They also reported that the microphone-transmitter
acted as a reminder to talk to their child. However. there
was no actual testing done On the children in this study to
evaluate changes in their speech, language, or auditory
skills. More research in this area is necessary to delineate
further the efficacy of home use of' these devices.

ASSESSMENT OF AIDED
PERFORMANCE

Beharioal Methods

Behavioral and objective methods f ,r assessment of
aided performance will he discussed next. In the area of
behavioral methods, functional gain has been used to esti-
mate insertion gain. The reliability of aided sound field
thresholds and functional gain has been addressed in adults
(Hawkins, Montgomery, Prosek, & Walden, 1987: Humes
& Kim. 1990) and children as young as age .5 years (Stuart.
1)urieux-Smith, & Stenstrom, 1990): however, the reliabil-
ity of aided sound field thresholds for infants and toddlers
has not been studied. Functional gain or aided sound field
thresholds can be used in cases when probe -tube micro-
phone measures ,re not possible. for example, when there
is limited cooperation for probe-tube microphone mea-
sures, when there is wax or slight drainage in the ear canal,
in cases of atresia or stenosis, in the assessment of a bone-
conduction des ice. and if there is limited access to probe -
tube microphone equipment. The limitations of functional
gain as compared to probe-tube microphone measures in-
cItide the fact that measures are not valid if' there are re-

gions of norm ml a. sensitivity (Rinds, Stelmachowicz.
Gorga, 1984). Behavioral methods are more time-consum-
ing and provide only threshold information, with no esti-
mate of aided performance for speech-level inputs or hear-
ing aid maximum output.

Objective .Iletlinds

Two objective methods will be discussed: Kobe-tube mi-
rophone measures and ABR measures. Probe-tube micro-

phone measures provide objective real-ear estimates of in
situ and insertion gain and SSPL90. One advantage the
measure's have over functional gain is that they can reflect
aided performance for average speech inputs. Other ad-
vantages are (a) they account for the impedance, reso-
nance, earmold. and insertion loss on an individual: (I)) they
are fast, so many comparisons can be obtained in a short
time: () they provide good frequency resolution: (d) esti-
mates of gain can be obtained in regions of normal hearing:
and (e) real-ear SSPL90 can he documented.

The limitations of using probe-tube measures with the
pediatric population are that some ear canals may prove to
be too small for placement of the probe and armold with-
out feedback, especially in cases of severe to profound
hearing loss, and some children simply may not tolerate the
procedure.

Ral-ear measures, however. are especially useful lie
ca:').: of the demonstrated range of variability of real-ear to
coupler differences between subjects. Feigin et al. (1989)
evaluated and compared these differences in childrem from
I weeks to .5 years of age and in a group of adults. For the
children, mean real-ear to coupler differences were greater
than that obsess ed for adults at all frequencies. The chil-
dren showed a larger difference than adults, but with the
same pattern, that is. greater real-ear to coupler differ-
ence~ with increasingly higher frequencies. For children.

(1`. of the time this difference exceeded I -I dB, whereas,



in adults. 10`7( of the time this difference exceeded only
8 dB. The authors concluded that there was a greater risk
of overamplification with children if ?cot' coupler values
were used to estimate SSPL90. Unfortunately, ear canal
\ ohmic alone was not a useful predictor of this difference.

Consideration should he gi en also to situations in which
insertion gain and functional gain do not agree. Some of
these instances have been described by Stelinahow iz and
Less is (1988) and will be re\ iewed briefly here. As previ-
ousl \ stated, w hen there are regions of normal hearing,
functional gain is not an accurate estimate of the SPL devel-
oped in the ear because internal hearing aid noise can mask
aided thresholds. Thus. functional gain would underesti-
mate insertion gain in those cases. Also, if a hearing aid is
set with high gain and low output. functional gain ox eresti-
mates actual gain for average speech inputs. Also, in some
patients with profound !wining loss. "thresholds.' may he
sibrotatile rather than auditory responses and insertion
gain may o \ erestimate functional gain.

Another objecti \ e approach to amplification is through
the use of evoked potentials. The ABR has been proposed
for use in hearing aid selection and assessment (for a re-
view, see Beauchaine & Corga. 1988; and Mahoney.
I955). Parameters that has(' been es aluated include com-
parisons of aided and unaided re sponses for (a) latency
shifts (Cox & Metz, 1980; McPherson & Clark, 1953). (b)
thresholds shifts (Beauchaine. Corp, Reiland, & Larson,
198(i; Kileny. 1982). and (c) changes in the slope of la-
tency-intensity function (Hecox. 1983). Others have pro-
posed using amplitude to estimate loudness (Da\ idson.
Wall, & Goodman, I 990) and to prescribe maximum out-
put andlor the need for compression (Keissling. 1982;
1983). To date, conflicting results has e been reported
about the relationship between ABR amplitude and loud-
ness (Darling & Prince. 1990; Davidson ('t al., 1990).
Thornton. Yardky. and Farrell (1987) and Thornton,
Farrell, and McSporran (1989) have postulated using the
slope of the latency-intensity function to estimate LDL.

Although promising. many problems has e been identi-
fied in using the ABR for hearing aid evaluation and assess-
ment. Each hearing aid introduces changes in the stimulus
because it acts as a filter. Kilenv (1982) demonstrated that
the hearing aid can ring after transient is introduced. af-
fecting the response. Temporal delays introduced by the
hearing aid art' not predictable (Beauchaine et al., 198(1).
Unless measured and accounted for hall\ idually, the tem-
poral delays may affect the supposed success of a fitting
suggested by laten shifts. Compression circuits cannot be
assessed with the ABR because the stimuli necessary to
elicit (he ABR are shorter than the compression times in
the aids and the attack time oldie hearing aid cannot follow
the transient stimuli: vet even this relationship is not pre
dictable ((:orga, Beauchaine. & Reiland. 1 987). Most of the
ABR hearing aid work has been done with clicks, and this
stimulus typically estimates high-frequency sensitivity
((:oats & Martin. 1977; jerge & Mauldin. 1978; Corga.
Worthington. Reiland. Beauchaine, & (oldgar, 1985). For
profound losses, predictions of gain cannot be made from
AIM data because there is no baseline for comparison. Fi-
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nally, the relationship between loudness and amplitude
and slope is not clearly established.

Given these precautions and problems with using the
ABR to fit and evaluate hearing aids, a recommended pro-
tocol for patients on whnl» we cannot obtain behavioral
thresholds might be to obtain frequency-specific ABR
thresholds for a range of frequencies to estimate behavioral
thresholds. Next, preselect a bearing aid or device using a
method with a goal to make speech audible. Gain and out-
put should be assessed in a coupler for estimates of these
parameters, with average real-ear to coupler differences
applied, and individual probe-tube microphone assess-
ments should he used w hen possible. The child should be
monitored with continued attempts at behavioral thresh-
olds in the unaided condition, and adjustments made in the
amplification as new information is obtained.

SUMMARY

In summary, earls inters ention is feasible on almost any
patient gi \ en current technology. Technological ads ances
have influenced early identification and amplification. Ad-
s illItages in speech intellig,ib:!;ty have been demonstrated
for improving signal-to-noise ratios. Research has delin-
eated similarities and differences between children and
adults. Although much progress has been made, many ques-
tions remain when fitting infants and toddlers. especially in
the area of validation of the device of choice. A focus of the
fitting scheme should include the parents or caregivers as
key figures in the success of amplification selection and fit-
ting. Without their support, acceptance. cooperation, and
enthusiasm. the child will not succeed with use of amplifi-
cation no matter what selection and assessment procedures
are used.

ACKNOWLEDGMENTS

1 mould like to aekom, ledge Michael Corga and Pat Stella:R.1m-
wicz for their revie of this manuscript and their many helpful
editorial continents, and Betsy From for her assistance in the prepa-
ration of the manuscript.

REFERENCES

American speech-Language Hearing Association. tASHA). Joint
Committee on Infant Hearing. (1991). 1990 Position Statement.
:Leber (Suppl. 51. 3.3, 3-6.

Beauchaine. K.A.. & Gorga. NI.P. (1988). Applications of the uli-
tory hrainstem response to pediatric hearing aid selection. Semi-
liars in Hearing, 6/. 71.

Beatihailie. K.A., Gorga, N1.P.. Reiland. J.K , Larson. 1..1..
(1986). Application of Antis to the hearing-aid selection pro-
cess: Prelirninar data. Journal of Speech awl Hearing Research.
29. 120-128.

Benoit. H. (1989). Home use of FN1 amplification s). stems during
the ea is childhood years. Hearing Instruments. 40, 8.- I 2.

Bess. /7.11. (1985). The minimally bearing-impaired child. Ear and
Hearing. 6. 13 IT.

bless. F II.. & Tliarpe. A.M. (I 956). Lase piston data on unilater-
ally lie:ing-impaired children. Far and Waring, 7. 11- 19.

BEST COPY AVAILABLE



65 ASI1:1 licrorts No. 21 1992

131,C.r. J.C.. Peterson. NI... & Vick% eg S.11 (19551. 'Flu. cirect,o1
mild hearing loss on academic. performance orsming school-age
children. Thi Volta lief sett . 57 -93

BI;. I'.. & Kemp. 1). ( I 957). An ath,,cnced cochlear technique
suitable for infant screening British Journal of Auiliology. 21.
191 2u1

Coats. A C., & Martin. J L. (19771. Human anditor verso action
potentials ,tool brainstrin esoked responses Ellects of aildio-
grain shape anti lesion location. Arc/tires of ( nolaryngology, 103.
605 6:1'2.

ut-itelisse. 1..E . Gagne. J.I'.. & Seesvald. 13.(:. (199 i 1. Ear les el
recordings of the 10111411'1111 .1% (11'.112,( spectrum Of Spet.(1. Lai
and !barring. 12 17 51.

(:ox. I.. 6: Mot/. 1).A. (195(0. ABER in die piesription of hearing
aids. Ileac ing Instruments. 3/, 12 15.

Cos. II . & Moore. J \ (1959). Composite speech spectrum lot
healing, aid gain prescriptions. Journal of Speech aml !tearing
licsi melt. 31. 102 107.

1)arling. R \1 . (1 Price. 1..1.. (100(11. Loudness and anditor brain-
stm es oked response Eat and heaving, -1. 250-295.

1).o. siren. S.A \Vali. L.C... & Goodman. (:.NI. (19901. Pveliiiiinal
studies on the Ilse of :in A1311 amplitude plojetion procedure for
licaring ,td selection. Ear and (tearing. 11. '132 '339.

Dirks. I) 1).. 13(.11. liossinan. 13.N.. & Kincaid. G.E (19561.
Articulation kicks predictions of ontxtuall dependent :corks.
Imam,/ a/ the Acoustical Society ol America, -SO. S.2 92.

Elssmann. S.F.. & Sabo. M. t I 01s7). Earls identifica
tion of (outteilital sei...irineural hearing impairment I/ti' licar-
ingJourna/. /0. 13 17.

Feign' J .5.. Koplin. J.C.. Stelniachoxsict. P.G. & Gorga.
t 19591. Probe microphone measures of ear-canal sound pies
sure les els in infants oil children. Vat. mul !fearing, 10. 251
-)55

Corgi. N1.P . Ileauchaim. K.A.. & Reiland. J.K. (1957). (:ompai i-
sm, of (Inset and stead NI;itc responses of hearing aids: Implica-
tions lor use of the auditor: !'Jilt tens response in the selection
()I hearing Journal a/ Speech awl licariaa liescarcli .3(1.

In 1:10

(:oro,a. \1.1t. Kaminski. J.11.. Ileauhaine. K.A.. x Jesteadt.
tI9SSi..1uditors hrainstein responses to toile bursts in norinall
heat mg subjects. learner/ of Sprer/i and Ilcaring liesearcli. 31.

97
Corga. NI P.. 11'ort hington. 1).11' J.K., Bealiehaine. K .

6: Coldgar. I) E. t 19551 Smile comparisons Itch% een anditot
brain stem response thresholds. latencies. ,01(1 the pure-tone ,(ii
(hug! am lilt aril 1leaci11g, 0, 105 1 1

his kills I) It & Yacullo. 11 S. (19511 Signalto noise ad\ antage
of binaural hearing aids and directional microphones uncle' dif-
ferent 11' \ (1 Of re\ vrberation Joartia/ ttl.Sprech and 1/raring
1)1.so, tiers. /9. 21, 25(1.

Ilass 1).13 Montgoiners , A.A.. Prosck. 11.A.. & Walden. 11.E.
110571 Esamination of tsso issues oncerning functional gain
measurem ents. four na/ a/Spree/land Ilearingl)isorders,:52.
(1

Masan's. I) 13 NN alden 13.E . NIontgomers. A.. & Prose's. 11..A
k 19'171 DC1(1111 i011 and s,alidation mf :111 1,1)1. procedure de-
signed to select SSP1.9(1 awl Hearing. S. 162 169

Ilecos. K E. 11/1531. little of auditors blainslcnl responses in the
selection of hem ing aids Em and Hearing, -1. 51 -55.

!limes. 1, E . & Hackett. T. 19001
1

(:omparfison of frequenc re-
5)(1W .11(1 aided %)((C1-1(C14111111 perOrIlallte 1(11
.11(1% selected three dillerent prescriplist methods Journal of
t lu .1111(11ra:I Academy ol Audiology. 1. I11. 10'1

1111111('%. & Kira. E (1990). The I eliabilit of functional
gam :Journal of Sncech and !leaving Ilisot (lei N..5.5. 193- 197.

Jergei. J & Nlauldin. I.. t I 97S Prediction of sensormeural hear
ing les el from the bramstem okd response. ..re/tireN 0/ ()/0
/aratigabtati. 10-1. ISO 161.

Kass ell. NI E. Kopun J (1 & Stelniatlioss P.0 1 I 9Y")). Loud-
ness (11,441111E01( le \ els in children. Eat and !leaving. 9. 1 33 1:37.

heissling. J. t19`12.1. Ilea' int2,-aid selection In brainstein andit1111(.
111. Ncandinal unr littintbil.tii 11 269 27.1

J t19,11 ( espy, j11)(.1. 111 111.,1f11114 aid adjustment

he means of liEli anwlitudes. Art./iit rs of ( not aryngol ogy, 23,5,
23:3-2 10.

Films. I' 119521. Audits' brainstem responses as indicators of
hearing aid performance. Anna/A of ()fah)* I(hinology and 1,ar-
yngology, 238, 23:3 2 10.

Kruger. B. (19571. An update On the external ear resonance ill
infants and ming, childien. Ear mid Hearing, :3:3:3 330.

Mace. A.I,.. 1Vallace, K.L. 1Vh,ur, NI.Q.. be Stelmachoss ici, P.C.
tin press). Reles ant factors in the identificalimn of hearing loss.
Ear and Hearing.

NI.u..plivrcon.13. J., Elfenliviii. J.l, & Bender. 11.A. tin
press). Thresholds of discomfort in hiltIren. Ear and hearing.

Mahoney. T.N1. (1955). Auditor!, brainstem response hearing aid
applications. In J. T. Jacobson (Ed.). Tim auditory hrainstem re-
sponse (pp. :3 19 -350). San Diego. College -Hill Press.

Malione. Eichm.-ard. J.G. 0 9501. Nlodel program V A
high-risk register I)) computerited search of birth certificates.
In E.T Ss% igart (Ed 1. Neonatal hearing screening. San Diego:
College -Hill Press

Martin. F.N & Gra\ el. K.L. ( I 959). Pediatric audiologic practices
in the United States. llie Hearing Journal. 42, :3:3-18.

N.I). (19571. Hearing instruments for children: Premises
for SelOclinv; and fit ling. Ilearing er'l.c. 3,5, 1,1 I (1.

McPherson, 1).L.. & (lark. N.E. (19531. A1311 in hearing aid Mai-
/at ion: Simulated deafness. II,aring Instruments, 34. 12- 15.

Mueller. 11.C.. & Killion. NI.(:. (19901. An easy method for calu-
lating the articulation index. The !tearing Journal, 43, II 17.

Olsen, W.0., 11-ass kills. 1).B.. & Van Tasell, D.J. (1957). Represn-
tations of the long-term spectra of speech. Ear am! 1 fearing,
101(5 HISS.

() ler. 13.r. () ler. & Malkin, N D (1957). Warning: A uni-
lateral hearing loss mas be detrimental to a hil.'s academic
career. The !tearing Journal. 1S, 2(1 -22.

Pas los ic, C.V I 9SS I. Articulation hides prediction, of speech in-
telligihilits in hearing all selection. .Vslia. 32, 133 65.

Pas los is C.V. ( 1959). Speech spectrum considerat ions and speech
intelligiIIlIIt predictions in hearing aid evaluations. fattriat/
Sreci.lt and !tearing Ihsorders. .51, :3 S.

Hines. D.. Stelniachoss let, P.C., & Conga, N1.P. (19511. An after
mate method for determining functional gain of bearing :Lids.
Journal a/Speech and !tearing Research, 27. 627 63:3.

Ross, NI.. & Sees\ aid. II.C. t I 9SS I. I learing aid selection and es alii-
ation with mint& children. In F.H. Bess (Ed.1, !tearing impair-
nicnt in children (pp 190-21:31. Parkton, 'situ's land: York Press.

Seessald. II C.. Boss, NI.. & Stelmachoss ic,, P.G (1957). Selecting
oil serifying hearing aid performance characteristics for young
children. Journal oldie Academy allicluthilitatir e Audiology, 20.
25 -37.

Seeksald. 13.(:. (19551. Thi. desired sensation les el approach for
children- Selection and ..erifiation Hearing Instruments. .39.
15 -22

Seesald. 11.C.. Ross, NI.. & Spiro. N1 K. (1955). Selecting
cation characteristics for ming hearing-inpairet1 children. Ear
an Hearing. (1. 15 5-3.

Skinner. NI.),V (1055). !tearing aid Englcssood
NJ titie 11a11.

Skinner, 51.W.. Pascoe. 1).P.. Miller. & Popelka. G.K. (19S.2.1.
Measurements to determine the optimal placement of speech
energ ithill the listener's auclitor) arra: A basis for selecting
amplification characteristics. In G. A. Studebaker & F.H. Bess
(Ed,. I, The l'anderbitt haringaid report. Stair of the art-re-
sew ch reeds (pp. 101 1091. ('peer 1)arlis . PA: NIotiograplis in
(:mitemporar Andiolog

Stapells. 1) R.. l'icton. T. Pere/ Multi, NI., Read. I) & Smith,
A WO)51, potentiales I'
(is III J Jaobson (Ed auditorY braiimem response (pp.

1 17 1771 San Diego. (:alifornia: College -)Fill Press, Inc.
Stein. L.K.. Jahales T.. spit,. 11.. sto,(1,1py. I).. 6z.

(1000). The hoaxing - impaired infant: Patterns of identification
and habilitation re's isited. Eat and //raring /1. 201 21(5

Stelniaelim% ic/. P C.. Larson. l..1... Johnson. 1).E.. & NIoeller.
9551. Clinical model for the audiological management of hear-

ing-impaired children. Seminars in I /caring, (1. 223-2:37



Stelimiclios1ic/. &I,ev, is, 1).E. (195050. Some theoretical con-
siderations concerning die relation bets% con functional gain and
insertion gain. Journal of Speech and 1 !caring: li.svarch. 31. 191
1516.

Slelinalim% i(v. P.C.. Se( ;dd. H. (19911. l'robe-tube inicro
phone measures in mum children. Seminars in 1 fearing, 12. ('12-
7.).

Stuart. A..1)ttrieux -Smith. A.. & Stenstroin. R. (19(10). Critical dif-
ferences ill aided sound field thresholds in children Journaf
Speech and Hearing lirearrli. ;33.612-61.5.

BEAUCI1A1NE: infant .4 mintfication 69

Sullis an. J.A.. Levitt. 11.. Hwang. J.. & 11ennesse . A. (1(158). An
experimental comparison of four hearing aid prescription meth-
ods. Ear and 11caing. 9. 23 :32.

Thornton. A.11.1).. Farrell. C.. b.: N1cSporrall, E.L. (1989). Clinical
methods for the olijetie estimation of loudness discomfort
lex el (_,I)L1 using auditor) brailistem responses in patients.
Scandanarian Audioiogy. 16. 22.5 -230.

Thornton. A.H.D.. Yardle 1,.. & Farrell. C. (1957). The objetis
estimation of loudness discomfort 1, (.1 using auditory brailishan
es oked responses. Scandanarian Audiology, 16. 219-22.5.


